The 3¢ cleavage and polyadenylation of mRNAs has been studied in detail in animals and yeast, but not in plants. Aimed at elucidating the regulation of mRNA 3¢ end formation in plants, three Arabidopsis cDNAs encoding homologues of the animal proteins CstF-64, CstF-77 and CstF-50 that form the cleavage stimulating factor of the polyadenylation machinery have been cloned. It is shown experimentally that the N-terminal domain of the Arabidopsis CstF-64 homologue binds the mRNA 3¢ noncoding region in an analogous manner to the animal protein. It is also shown that the Arabidopsis CstF-64 and CstF-77 homologues strongly interact with each other in a similar way to their animal counterparts. These results imply that these Arabidopsis homologues belong to the polyadenylation machinery of nuclear mRNAs.
The 3¢ end processing of nuclear mRNAs in animal cells includes both cleavage and polyadenylation and is regulated by several multi-subunit complexes (Zhao et al., 1999) . One of these complexes is the cleavage stimulation factor (CstF), consisting of three subunits termed CstF-77, CstF-64 and CstF-50 (Zhao et al., 1999) . The CstF-64 subunit of this complex binds, via its N-terminal domain, a U-rich sequence that is generally situated downstream from the cleavage/polyadenylation site and also interacts with CstF-77 (Zhao et al., 1999) . In turn, CstF-77 interacts with a second complex, the cleavage polyadenylation speci®city factor (CSPF), which binds the consensus AAUAAA polyadenylation signal (Zhao et al., 1999) . Plant mRNAs contain analogous sequences in similar positions to the animal AAUAAA and U-rich sequences (Graber et al., 1999) , suggesting an equivalent regulatory mechanisms in plants, but the machinery of mRNA 3¢ end formation in plants is still unknown.
Three Arabidopsis cDNA homologues of the animal CstF-64 (AtCstF-64) (GenBank Accession No. AF515695), CstF-77 (AtCstF-64) (GenBank Accession No. AF515697) and CstF-50 (AtCstF-64) (GenBank Accession No. AF515696) proteins have been isolated. The deduced protein encoded by AtCstF-64 exhibits 32% identity and 44% similarity to the human CstF-64. The proteins encoded by AtCstF-77 and the human CstF-77 exhibit 32% identity and 49% similarity in their amino acid sequences. The protein encoded by AtCstF-50 exhibits 37% identity and 55% similarity to the human CstF-50.
To test whether the N-terminal 110 amino acids of the AtCstF-64 homologue can bind RNA, this domain was produced, fused to a six histidines (His) tag, in Escherichia coli, using the pQE31 expression vector (Qiagen, Hilden, Germany). Using the T7 promoter of pBluescript (Stratagene, CA, USA), a 191 nt long 32 [P]-labelled RNA derived from the 3¢ terminator region of the octopine synthetase gene of Agrobacterium tumefaciens was also transcribed in vitro. As shown in Fig. 1 , mixing of increasing molar amounts of the AtCstF-64 N-terminal domain with the octopine synthetase 3 terminator RNA resulted in progressively slower migration of the
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[P]-radiolabelled band in a native polyacrylamide gel. This could result either from interaction of the N-terminal domain of AtCstF-64 with several different regions of the octopine synthetase 3 terminator RNA or from multimerization of the protein, in a concentrationdependent manner. Similar observations were reported using the N-terminal domain of the human CstF-64 subunit (Takagaki and Manley, 1997) .
To test for potential interactions between the AtCstF-64 and AtCstF-77 gene products, their open reading frames were subcloned downstream to a SP6 promoter in the plasmid pTNT (Promega, WI, USA). A DNA fragment encoding a haemagglutinin (HA) epitope tag was also fused in frame immediately downstream from the initiator ATG codon of AtCstF-77. These plasmids were used to transcribe mRNAs, which were then translated in a rabbit reticulocyte lysate in the presence of 35 S-methionine. As shown in Fig. 2 , a protein product with the expected size of AtCstF-64 was synthesized from AtCstF-64 and was immunoprecipitated with polyclonal anti-AtCstF-64 antibodies, but not in the absence of these antibodies ( Fig. 2A, lanes a, b) . In reactions containing AtCstF-77 as a template, two major polypeptides were synthesized, which were immunoprecipitated by the monoclonal anti-HA antibody (Covance, VA, USA), but not in the absence of this antibody (Fig. 2B, lanes a,  b) . These polypeptides were also within the expected size range for AtCstF-77 and apparently represented both the full-length protein and a truncated polypeptide resulting from an early translation termination. When the AtCstF-64 and AtCstF-77 polypeptides were mixed, both were co-immunoprecipitated with either the antiAtCstF-64 or the anti-HA tag antibodies (lane d in Fig. 2A and B, respectively). This co-immunoprecipitation did not result from cross reactivities of the antibodies since the anti-AtCstF-64 and the anti-HA antibodies did not cross-react with the AtCstF-77 and AtCstF-64 polypeptides, respectively (lane c in Fig. 2A and B, respectively).
Using a similar expression system, a His-tagged protein from AtCstF-50 was also synthesized and its potential interaction with AtCstF-77, as occurs in animals (Zhao et al., 1999) , was tested. No interaction between these two proteins was observed in this experimental system (data not shown).
Taken together, the results suggest that the Arabidopsis proteins encoded by AtCstF-64 and AtCstF-77 belong to an RNA binding complex that functions in a similar way to the animal CstF in mRNA 3¢ end formation. Whether the protein encoded by AtCstF-50 also belongs to this complex still awaits further con®rmation.
